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

The current port power supply to foreign ships, there are two ways powertype for owned dieselpowered and
frequencyconversionunit,Inthispaper,Proposedelectronicshorepowerstation,putforwardelectronicshorepower
station'sconcepts,andgivesawholebuildingprogramofelectronicshorepowerstationbasedonmatrixconversion
algorithm,Itwillchange10kV/50Hz(35Kv/50Hz)inputvoltageinto440V/60Hzlowvoltage,notonlyeliminating
intermediate links, but also simplify the hardware circuit and reduce the production cost and improve the
competitivenessofenterprises.Simulationandexperimentalresultsshowthatthisprogramhasabuiltshorepower
stationofhighpowerfactor,sinusoidaleffective,lowdistortion,environmentalpollutionandtheadvantages,Itwill
beverydefinitepracticalsignificance.

©2011PublishedbyElsevierLtd.Selectionand/orpeerreviewunderresponsibilityof[nameorganizer]

Keywords:Matrix;FrequencyTransformer;SPWM;Electronicshorepowerstation

Sizeandcargothroughputoftheport,shipbuildingcapacityoftheshipyardistheimportantsymbolofanational
scienceandtechnologystandardsandeconomicstrength.Withexpansionofportandrapiddevelopmentofshipbuilding,
environmentalpollutionhasbecomeincreasinglyserious.Accordingtorelevantinformation,emissionsofpollutedgases
fromitsownpowergenerationduringthecontainershipstopsataport,isequaltoemissionsofalargedieseltruck
aroundtheplanetthreetimes.Harborcountriespaymoreattentiontothecontrolofenvironmentalpollutionduringthe
shipsstopatports.TheUnitedStatesfirstproposesthatanewportshouldadoptenvironmentalprotectionmeasures,and
adoptstheformoflocallegislationtoensurethatshorepowertechnologyapplication.
Accordingtotheinternationalconvention,thesupplyfrequencyfortheshipis60Hz,but  powerfrequencyofour
countryandmanycountryis50Hz.Inordertorealizepowersupplyoftheshipyardandtheportships,foralongtimein
thefollowingtwosolutions:oneistousetheoilenginetogenerateauxiliarypower,energyconsumptionofwhichisbig,
thenoiseandthegaspollutionofwhichisserious.Theotheristousefrequencyconversiongeneratortogeneratepower,
thenoiseofwhichisbig,theefficiencyofwhichislow,thefailurerateofwhichishigh,dynamiccharacteristicofthe
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
voltageandthefrequencyofwhichispoor,themovementandthemaintenancecostofwhichisveryhigh.Inrecent
years,UPSisconvertedto60Hzpowersupply,theelectriccapacityofwhichissmall,theoverloadrunningabilityof
whichispoor,operationandmaintenancecostofwhichishigh.
Overyears,manyscholarsathomeandabroadhavetriedtouseadvanced"electronicpowersupplyequipment"to
completely change the backward condition "megawattclass inverters and equipment" has been a major technical
problemsandcuttingedgetechnologyinthepowersupplydomain.Thispaperpresentsakindofelectronicshorepower
supplybuildingprogrambasedonmatrixfrequencyalgorithm;experimentalprototypehasbeensuccessfullymade.

ElectronicshorepowersupplyisbasedonMatrixstyleFrequencyalgorithm,Itwillchange10kV/50Hz(35Kv/50Hz)
inputvoltageinto440V/60Hzlowvoltage,notusingpowertransformer,overallblockdiagramisshowedinFigure1.It
includes input reactor,IGBTswitchingdevices,digitalPWMcontroller,correctionreactor,output filter,disturbance
detectionandsuppressionandsoon.Theshipsobtainthreephase440V/60Hzsinusoidalvoltagewhichisobtainedafter
thethreephase10kV/50Hzhighvoltageentersintothestation, throughfrequencytransformerdevice, theoutputof
whichisthreephasequasisinewavethatisfilteredbytheoutputreactor[5][6].  

Fig.1Theoverallsystemblockdiagram

ItisathreephasetothreephaseACACdirectconversionschematicinFigure2[7][8].VoltageofthreephaseACinput
signalA,B,CisVs,frequencyofwhichisfs;VoltageofthreephaseACoutputsignala,b,cisVO,frequencyofwhichis
fO. There are 9 Bidirectional  shutdown switch components: A phase AC voltage connects to load a during TAa
conductiontime,soua(t)=uA(t)；AphaseACvoltageconnectstoloadaduringTAaconductiontime,soua(t)=uA(t)；B
phaseACvoltageconnectstoloadaduringTBaconductiontime,soua(t)=uB(t)；CphaseACvoltageconnectstoloada
duringTCaconductiontime,soua(t)=uC(t).SoDuringoneofTAa,,TBa,,TCaconductiontime,phasevoltageua(t) ofloada
maybecorrespondingoneofA,B,CphaseACvoltage.
Similarly,duringoneofTAb,,TBb,,TCbconductiontime,phasevoltageub(t) ofloadbmaybecorrespondingoneof
A,B,C phase AC voltage. During one of TAc,,TBc,,TCc conduction time, phase voltage uc(t)  of load c may be
corresponding one of A,B,C phase AC voltage. If 9 switch components are the bidirectional controllable electric
conduction switchesby2 commoncollector IGBT series compositions inFigure2 (b),there are18 fullControlled
Switch  inFigure2(a).whencarryingontherealtimesuitablecontrolto18fullControlledSwitch,regardlessofthe
phasecurrentinstantaneousvalueispositiveornegative,loada,b,ccanobtaintherequiredinstantaneousvoltagevalue
from the threephaseACpoweruA(t)、uB(t)、uC(t).Therefore,wecanobtain theadjustable frequencyandvoltage
threephasevoltage,mutualphasedeviationofwhichis1200,fromtheload.
   
(a)electriccircuit           (b)bidirectionalswitch
Fig.2 Matrixconvertercircuit
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Eachswitchingdevice(switch)statecanbeexpressedasaswitchfunctioninFigure2(a).SwitchingdeviceTxycanbe
expressedasaswitchfunctionSxy.Sxy=1,duringTxyconductiontime,Sxy=0,duringTxyisoff.Thereforeoutputvoltage
ua、ub、uc usinginputvoltageuA、uB、uCandcorresponding9switchingfunctionsSAa(TAa)、SBa(TBa)、SCa(TCa)、SAb(TAb)、
SBb(TBb)、SCb(TCb)、SAc(TAc)、SBc(TBc)、SCc(TCc)expressedthematrixformis:




















=










C
B
A
CcBcAc
CbBbAb
CaBaAa
c
b
a
u
u
u
SSS
SSS
SSS
u
u
u
                  (1)
Type(1)isoutputvoltagematrixexpressionofMatrixFrequencyConvertercircuitinfigure2(a),assuming:










−
−=










)3/4sin(
)3/2sin(
sin
m
piω
piω
ω
t
t
t
U
u
u
u
C
B
A
                  (2)
Transformationoftype(1)is:
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Matrixfrequencyconversioncircuitispoweredbyavoltagesource,thereforeinputsignalcannotbeshortcircuit,due
toinductanceoftheload,theoutputsignalcannotbeopen.Anyoftheoutputphasescanonlybeconnectedtoaninput
phaseeachtime.MeetingtheaboveconditionsthePWMtechniquecanbedividedintoCarriermodulation,spacevector
modulationandoptimizationoftheobjectivefunctionmodulation.Thecarriermodulationisusedinthispaper.

4.1.ControlSignalGenerationofMatrixFrequencyConversionCircuit
   ControllingtheswitchingdevicesthroughoroffcanachievetheControlofthesizeoftheoutputvoltageineach
cycle,eliminatelowfrequencyharmonicsandimprovetheoutputvoltagewaveform.Howtogenerateandcontrolthe
switchingdevicesthroughoroff?Therearemanyphasesequencecontrolswitchingsignalmethods.Atpresentdigital
PWMcontroltechniquesareusedinthepowercontrolsystem,SPWMisusedinthispaper.
Thesinewaveisseenasthecompositionofthepulsesequence,pulsewidthofwhichvariesbysinerule,inthe
SPWMmethod.Accordingtoimpulseequivalenceprinciple,thewaveformissameassinewaveimposesoninertia.
Supposingsinusoidalvoltageofthethreephasemodulationreferencesignaluar、ubr、ucris:
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Intype(4),ωrisangularfrequencyofthemodulatedreferencewave;UmisvoltageRMSofthemodulatedreference
wave.
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Fig.3  SwitchingControlSignalcircuit
Itisclosedloopfeedbackregulationofoutputvoltagecontrolsysteminfigure3,VOisthecommandvalueofoutput
voltage,U0istheMeasuredfeedbackvalueofoutputvoltage,Voltagedeviation△U0=VOU0，VoltageregulatorURgets
out  modulationreferencevoltagewave,peakvalueofwhichisUm,Umwiththemodulationreferencewavefrequency
ωr(ωrdeterminesthefundamentalfrequencyω1ofoutputvoltage,ω1=ωr)  producesthreephasemodulatedreference
wavevoltageuar、ubr、ucr。uar、ubr、ucr generate6signalscomparedtotriangularcarriersignalwithbipolarvoltage.9drive
signalsSAa、SBa、SCa、SAb、SBb、SCb、SAc、SBc、SCc aregeneratedbythecombinationofdigitalcircuits.
Thoughoroffstateof9fullcontrolledswitchingdevicesTAa、TBa、TCa、TAb、TBb、TCb、TAc、TBc、TCcarecontrolled
bythe9drivesignals,toachievecontrolofinstantaneousvalue  ofthreephaseACoutputvoltageua(t)、ua(t)、ua(t)。Control
principleinfigure3isachievedbymicroprocessorordigitalsignalprocessorinpracticalapplications. 
4.2.SafeConverterstrategyofSwitchValve
  Intheconstructionofdirectshorepowersupply,thereisanimportantissuethatissafeconverter.Inordertoensure
thatthecompositionofthe9bidirectionalIGBTswitchesareimplementedtocontrolbyPWM,eachswitchmustbe
switchedaccordingtocertainrule.
Accordingtoconditionsthattheinputvoltagecannotbeshorted,theoutputcircuitcannotbesuddenlyopen,safety
switch requires the two of the output switches can not be simultaneously turned on, threeof switches can not be
simultaneouslydisconnected.Becausecomponentturnontime,turnofftimeanddrivingcircuitdelayareindividually
different, it can not achieve the strict same time switch. To solve this problem, N. Burany proposed the famous
fourquadrantswitchesmultistepswitchingcontrolrule[12],theconverterprocesscanbeshowninFigure4toillustrate
onephaseoutputcircuit.Taketheexamplethatconverts
AinputphaseintoBinputphase,whentheloadcurrenti>0,ThefirststepistoturnoffthenegativepartofTA1；The
secondstepistoturnonTB2;ThethirdstepistoturnoffTA2,thefourthstepistoturnonTB1,tocomplete2bidirectional
switchsuccessfulconverter,whichnotonlybansthepowerswitchcombinationthatcouldcauseshortcircuit,butalso
ensurestheloadprovidedatleastoneflowpathatanytime.FourstepconverterdrivesignalsareshowedinFigure5.
                
Fig.4  Sketchdiagramofanoutputphasecircuit    Fig.5Fourstepconverterdrivesignals              Fig.6  Inputwaveform

Toprove the effectiveness of the algorithm,it is simulated and analyzed inMatlabR2009,The hypothesis input
voltageis10kV/50Hzinthesimulation,inputwaveformisshowninFigure6.Simulationmodelisbuiltusingmatrix
frequencyconversionalgorithmandSPWMcontrolalgorithm.SimulationmodelofSPWMisshowninFigure7.Output
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voltagewaveformsthatare440V/60HzthreephaseoutputsignalsisshowninFigure8.

Fig.7  SPWMsimulationdiagram
      
Fig.8 Outputwaveform                    Fig.9   FFTanalysisofFigure
Inordertoverifythesinedegreeofoutputwaveform,theoutputACvoltageisanalyzedbyFFT,spectrumisshownin
Figure9.Fundamentalamplitudevoltageis435.4V,theTHDis3.71%whenthemaximumfrequencyis420Hz.The
mostseriousharmonicisthe2octaveharmonic,thefollowingis4octaveharmonic,andinpracticeaverygoodsine
wavecanbeobtainedaslongasthesignalisfilteredappropriately.

ThemainelectricalpowerparametersofexperimentalShorePowerStationprototypeistested,settingparameters:
Outputsideinductanceis0.17mh,Capacitoris400uF,Loadiswaterresistancetestchamber.FLUKE434powertester
isshowninfigure10,theoutputfrequency,voltagewaveformandvoltagedistortionareshowedwhenoutputcurrentis
1600A,andoutputvoltage:AC434～443V(current:1905A～1361A),voltagefluctuation:0.2%.Outputfrequencythat
shipwithaload:59.98～59.99Hz≤0.01Hz；Totalharmonicdistortionofoutputvoltage:THDu=（0.8～2.8）＜4%。

Fig.10Outputfrequency,voltagewaveformandvoltagedistortion

 Developmentofhigh(low)voltagedirectconversionshorepowersupplyisthepracticalsignificance[13][14].Itis
important in the"greenwharf"and"digitalport”.Theadvantage is:①ACinputsideandoutputsidedonot
transformerbydirectconversiontransformer,nointermediatetransformationlinks,powerfactoriscloseto1,no
pollutiononpower;②Theoutputsignalisthequasisinewave,almostperfectsinewavecanbeobtainedwith
reactorfilter;③Itcanmakethepowerbetweenthepowersourceandtheloadtoanydirectiontransportation,
LI Jia-sheng et al. / Physics Procedia 24 (2012) 932 – 937 937Authorname /PhysicsProcedia00(2011)000–000


realizeACmotorrunninginfourquadrants.④Inputandoutputratedcurrentissmall,easilyused;⑤Itremoves
theDCcapacitor,canworkreliablyforlongtime.
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